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(54) FLOW DEVICE AND ASSOCIATED METHOD AND SYSTEM

(57) A flow device, method, and system are provided
for determining the fluid particle composition. An example
flow device includes a fluid sensor configured to monitor
at least one particle characteristic of fluid flowing through
the fluid sensor. The example flow device also includes
at least one processor configured to, upon determining
the at least one particle characteristic satisfies a particle
criteria, generate a control signal for an external device.

The example flow device also includes a fluid composi-
tion sensor configured to be powered based on the con-
trol signal and further configured to capture data relating
to the fluid particle composition. The example flow device
is also configured to generate one or more particle pro-
files of at least one component of the fluid based on the
data captured by the fluid composition sensor.
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Description

TECHNOLOGICAL FIELD

[0001] An example embodiment relates generally to
devices used to trigger the image acquisition system of
a fluid composition sensor and the associated method of
controlling the trigger devices and, more particularly, to
triggering devices based on determining the fluid particle
composition.

BACKGROUND

[0002] Sensors are used in various environments to
monitor air conditions. Some environments require so-
phisticated monitoring that necessitates identifying air-
borne particles by collecting and imaging those particles
within a sensor, such as a field portable microscope. The
analysis of the microscopic image performed by a human
or automatically by sophisticated image analysis soft-
ware. This analysis is time consumptive; therefore con-
stant monitoring is not preferred. It is advantageous to
only perform the image analysis after a statistically rele-
vant number of particles have accumulated in the imaged
area. The varying amount of particles present in air at
any time and location, makes simple timing mechanisms
unable to reliably predict when a relevant number of par-
ticles have accumulated. Various current field portable
microscopes are configured to activate and monitor the
air at regular intervals. Applicant has identified a number
of deficiencies and problems associated with these cur-
rent sensors. For example, the composition of the air can
change dramatically between intervals, and therefore de-
fined intervals may be unable to fully characterize the
content of the air. Through applied effort, ingenuity, and
innovation, many of these identified problems have been
solved by the methods, systems, and flow devices of the
present disclosure.

BRIEF SUMMARY

[0003] The following presents a simplified summary in
order to provide a basic understanding of some aspects
of the present disclosure. This summary is not an exten-
sive overview and is intended to neither identify key or
critical elements nor delineate the scope of such ele-
ments. Its purpose is to present some concepts of the
described features in a simplified form as a prelude to
the more detailed description that is presented later.
[0004] In an example embodiment, a method is pro-
vided for controlling a flow device. The method includes
monitoring, via a fluid sensor, signal pulses received by
the fluid sensor based upon the presence of one or more
particles carried by fluid flowing through the fluid sensor.
The method also includes generating a control signal for
an external device upon determining that the signal puls-
es satisfy one or more particle criteria. The one or more
particle criteria defines at least one of a threshold number

of signal pulses indicative of the presence of one or more
particles received by the fluid sensor or a threshold size
of at least one signal pulse received by the fluid sensor.
[0005] In some embodiments, the monitoring of the flu-
id sensor is continuous. In some embodiments, the meth-
od also includes causing a fluid composition sensor to
be powered based on the control signal. The method
further includes capturing, via the fluid composition sen-
sor, data relating to the fluid particle composition. The
method still further includes generating one or more par-
ticle profiles of at least one component of the fluid based
on the data captured by the fluid composition sensor. In
some embodiments, the fluid sensor is an optical scan-
ning device. In some embodiments, the fluid sensor is
an optical scanner and the fluid composition sensor is a
lens free microscope device.
[0006] In some embodiments, the fluid sensor defines
at least a portion of a fluid flow path, and wherein the
fluid sensor and the fluid composition sensor are posi-
tioned along the fluid flow path such that the fluid flows
through the fluid sensor before reaching the fluid com-
position sensor. In some embodiments, the method also
includes causing the fluid composition sensor to be pow-
ered off after the one or more particle profiles have been
generated.
[0007] In some embodiments, the one or more particle
profiles includes at least one of a holographic image re-
construction or particle size data. In some embodiments,
the method also includes determining an initial particle
profile based on the monitoring by the fluid sensor. In
some embodiments, each of the one or more particle
profiles comprises at least one of particle images, particle
size data, or particle type data of the at least one com-
ponent of the fluid. In some embodiments, each of the at
least one component of the fluid comprises one or more
of bacteria, viruses, pollen, spores, molds, biological par-
ticles, soot, inorganic particles, and organic particles.
[0008] In some embodiments, generating the one or
more particle profiles of at least one component of the
fluid based on the data captured by the fluid composition
sensor includes comparing one or more partial image
frames with one or more reference image frames of one
or more potential components of the fluid. In some em-
bodiments, the fluid sensor and the fluid composition sen-
sor are contained in a housing.
[0009] In another example embodiment, a flow device
is provided for detecting fluid particle composition. The
flow device includes a fluid sensor configured to monitor
signal pulses received by the fluid sensor based upon
the presence of one or more particles carried by fluid
flowing through the fluid sensor. The fluid sensor is also
configured to generate a control signal for an external
device upon determining that the signal pulses satisfy
one or more particle criteria. The one or more particle
criteria defines at least one of a threshold number of sig-
nal pulses indicative of the presence of one or more par-
ticles received by the fluid sensor or a threshold size of
at least one signal pulse received by the fluid sensor.
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[0010] In some embodiments, the monitoring of the flu-
id sensor is continuous. In some embodiments, the flow
device includes a fluid composition sensor. The flow de-
vice is also configured to cause the fluid composition sen-
sor to be powered based on the control signal. The flow
device is also configured to capture, via the fluid compo-
sition sensor, data relating to the fluid particle composi-
tion. The flow device is also configured to generate one
or more particle profiles of at least one component of the
fluid based on the data captured by the fluid composition
sensor. In some embodiments, the fluid sensor is an op-
tical scanning device. In some embodiments, the fluid
sensor is an optical scanner and the fluid composition
sensor is a lens free microscope device.
[0011] In some embodiments, the fluid sensor defines
at least a portion of a fluid flow path, and wherein the
fluid sensor and the fluid composition sensor are posi-
tioned along the fluid flow path such that the fluid flows
through the fluid sensor before reaching the fluid com-
position sensor. In some embodiments, the flow device
is also configured to cause the fluid composition sensor
to be powered off after the one or more particle profiles
have been generated.
[0012] In some embodiments, the one or more particle
profiles includes at least one of a holographic image re-
construction or particle size data. In some embodiments,
the flow device is also configured to determine an initial
particle profile based on the monitoring by the fluid sen-
sor. In some embodiments, each of the one or more par-
ticle profiles comprises at least one of particle images,
particle size data, or particle type data of the at least one
component of the fluid. In some embodiments, each of
the at least one component of the fluid comprises one or
more of bacteria, viruses, pollen, spores, molds, biolog-
ical particles, soot, inorganic particles, and organic par-
ticles.
[0013] In some embodiments, generating the one or
more particle profiles of at least one component of the
fluid based on the data captured by the fluid composition
sensor includes comparing one or more partial image
frames with one or more reference image frames of one
or more potential components of the fluid. In some em-
bodiments, the fluid sensor and the fluid composition sen-
sor are contained in a housing.
[0014] In still another example embodiment, a system
is provided for determining the fluid particle composition
flowing through a path. The system includes a fluid sen-
sor configured to monitor at least one particle character-
istic of a fluid flowing through the fluid sensor and along
the path. The system also includes a fluid composition
sensor configured to capture data relating to at least one
particle characteristic of the fluid flowing along the path,
wherein the fluid composition sensor is located down-
stream of the fluid sensor along the path. The fluid com-
position sensor remains unpowered until a particle crite-
ria is satisfied by the fluid flowing through the fluid sensor.
The system further includes at least one processor con-
figured to generate one or more particle profiles of at

least one component of the fluid based on the data cap-
tured by the fluid composition sensor.
[0015] In some embodiments, the monitoring of the flu-
id sensor is continuous. In some embodiments, the fluid
sensor is an optical scanner device. In some embodi-
ments, the fluid composition sensor is a lens free micro-
scope device. In some embodiments, the fluid composi-
tion sensor is configured to be powered off after the one
or more particle profiles have been generated. In some
embodiments, each of the at least one component of the
fluid comprises one or more of bacteria, viruses, pollen,
spores, molds, biological particles, soot, inorganic parti-
cles, and organic particles. In some embodiments, the
fluid sensor and the fluid composition sensor are con-
tained in a housing.
[0016] The above summary is provided merely for pur-
poses of summarizing some example embodiments to
provide a basic understanding of some aspects of the
invention. Accordingly, it will be appreciated that the
above-described embodiments are merely examples
and should not be construed to narrow the scope or spirit
of the invention in any way. It will be appreciated that the
scope of the invention encompasses many potential em-
bodiments in addition to those here summarized, some
of which will be further described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Having thus described certain example embod-
iments of the present disclosure in general terms, refer-
ence will hereinafter be made to the accompanying draw-
ings, which are not necessarily drawn to scale, and
wherein:

Figure 1 is a schematic diagram of a fluid sensing
system in accordance with an example embodiment
of the present disclosure;
Figure 2 is an illustrative flowchart of the operations
of a flow device in accordance with an example em-
bodiment of the present disclosure;
Figure 3A is an exterior view of a fluid sensor in ac-
cordance with an example embodiment of the
present disclosure;
Figure 3B is multiple views of a fluid sensor in ac-
cordance with an example embodiment of the
present disclosure;
Figure 4 is a cutaway view of a fluid sensor in ac-
cordance with an example embodiment of the
present disclosure;
Figure 5 is a cutaway view of a lens free microscope
device in accordance with an example embodiment
of a fluid composition sensor of the present disclo-
sure; and
Figure 6 is a cutaway view of a flow device with a
fluid sensor and a fluid composition sensor in ac-
cordance with an example embodiment of the
present disclosure.
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DETAILED DESCRIPTION

[0018] Some embodiments will now be described more
fully hereinafter with reference to the accompanying
drawings, in which some, but not all, embodiments are
shown. Indeed, various embodiments may be embodied
in many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will sat-
isfy applicable legal requirements. As used herein, a "flu-
id" may be embodied as a gas, a liquid, or a combination
of a gas and a liquid in a single flow. Thus, the term "fluid"
encompasses various materials subject to flow, such as,
but not limited to, liquids and/or gases (e.g., air, oil, or
the like). Thus, various embodiments are directed to fluid
sensing systems, such as gas sensing systems (e.g.,
certain embodiments being specifically configured for op-
eration with air; other embodiments being configured for
operation with other gases, such as inert gases, volatile
gases, and/or the like), liquid sensing systems, and/or
the like.
[0019] Certain embodiments are directed to a fluid
sensing system, a flow device, and a method of control-
ling a flow device for use in various environments. Be-
cause certain complex fluid sensors for monitoring fluid
particle composition are not viable to operate continu-
ously (e.g., complex air sensors are often both time and
power intensive). While time-based activation-powering
on the sensor at a set interval of time before depowering-
may result in inaccurate, unreliable, or otherwise unrep-
resentative fluid particle composition testing results that
do not reflect the true composition of the fluid (e.g., a
volume of air) being monitored. For example, quantities
of particulates within air that collectively embody the air’s
composition, such as pollen, can change rapidly and un-
predictably over even a short period of time. Thus, mon-
itoring the fluid particle composition only at defined time
intervals may result in monitoring results that entirely omit
drastic changes in the fluid’s composition (e.g., drastic
increases or decreases in the amount of pollen, or other
particulates, in the air). Conversely, when the fluid parti-
cle composition remains relatively constant, the sensor
may be powered on multiple times without any changes
in measured fluid particle composition, which may result
in a waste of energy in initializing the sensor to take such
measurements. To overcome such difficulties, incorpo-
rating a front-end discriminating fluid sensor having near
real-time detection and minimal power consumption re-
quirements while providing continuously monitoring of
the fluid allows for a reduction in overall energy consump-
tion, while also increasing the reliability of the sensing
system as a whole.
[0020] Referring now to Figure 1, a schematic diagram
of an example system 10 configured for fluid sensing is
provided. The system 10 may include, be associated
with, or may otherwise be in communication with a
processing circuitry 12, including, for example, one or
more processors 14 and one or more memory devices

16, a fluid sensor 20, a fluid composition sensor 22, and
an image database 28. In various embodiments, the sys-
tem 10 may be embodied by or associated with a plurality
of computing devices that are in communication with or
otherwise networked with one another. For example, one
or both of the fluid sensor and the fluid composition sen-
sor may have a processor in communication with the oth-
er. In various embodiments, some or all of the referenced
components may be embodied as a flow device. For ex-
ample, a flow device may include a processor 14, a fluid
sensor 20, and, optionally, a fluid composition sensor 22.
In various embodiments, the system 10 may be config-
ured with, or in communication with, an image database
28. In some embodiments, the image database 28 may
be stored, at least partially on the memory device 16 of
the system. In some embodiments, the image database
28 may be remote from, but in connection with, the sys-
tem 10. The image database 28 may contain information,
such as images relating to one or more potential compo-
nents of fluids. In some embodiments, the image data-
base 28, and/or other similar reference databases in
communication with the system 10, may comprise non-
image information used to identify particles (e.g., for flo-
rescent particles, a spectrometer may be used by the
fluid composition sensor 22 discussed below and the sys-
tem 10 may receive spectrum information to identify
and/or classify the particles). In some embodiments, the
system 10 may also use machine learning for identifying
and/or classifying particles, such that the system 10 may
use a reference database, such as image database 28,
to initially train the system 10 and then may be configured
to identify and/or classify particles without referencing
the image database 28 or other reference databases
(e.g., a system may not be in active communication with
the image database 28 during regular operations).
[0021] The fluid sensor 20 may be embodied as an air
sensor comprising a particle detector comprising a light
beam generator and a pulse detector, collectively con-
figured to monitor signal pulses generated at the pulse
detector based upon the presence of one or more parti-
cles carried by air flowing through the air sensor. The
fluid sensor 20 may be configured as any fluid sensor
capable of monitoring particle composition at or near real-
time. In various embodiments, the fluid sensor 20 may
be configured as an optical scanner. For example, in cer-
tain embodiments, the fluid sensor 20 may be embodied
as an air sensor comprising a Honeywell HPM Series
Particulate Matter Sensor, in combination with a proces-
sor configured for generating control signals as dis-
cussed herein. Referring now to Figures 3A and 3B, the
fluid sensor 20 may be embodied as an air sensor have
a casing 320 configured with one or more intake slots
310 and one or more exhaust slots 315 configured such
that the air enters the fluid sensor 20 through the one or
more intakes slots 310. As will be discussed in reference
to Figure 4, the air travels through the fluid sensor 20 and
exits through one or more exhaust slots 315. In some
embodiments, the fluid sensor 20 may be configured with
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an electrical connector port 305 configured to transmit
electrical signals and/or data signals (e.g., control sig-
nals) to and/or from the fluid sensor (e.g., the electrical
signal may comprise a power signal provided from an
external power source to the fluid sensor, and/or a data
signal may comprise data indicative of detected charac-
teristics of the fluid flowing through the sensor, the data
signal may be transmitted from the fluid sensor to another
system component). In some embodiments, the fluid sen-
sor 20 may be powered through the electrical connector
port 305. Alternatively, the fluid sensor 20 may be battery
powered. In some embodiments, some or all of the proc-
essor(s) 14 associated with the fluid sensor 20 may be
contained in the casing 320. In some embodiments, the
electrical connector port 305 may connect the fluid sen-
sor 20 to at least a portion of the processor(s) 14 asso-
ciated with the fluid sensor. In some embodiments, the
control signal created based on the fluid travelling
through the fluid sensor 20 may be transmitted through
the electrical connector port 305. In various embodi-
ments, the fluid sensor 20 may be relatively small in com-
parison to the fluid composition sensor 22. For example,
the fluid sensor may be less than 2 inches wide by 2
inches long by 1 inch thick. In some embodiments, the
fluid sensor 20 may be larger or smaller based on the
size of the components used and the use of the sensing
system. For example, the system 10 may be packaged
in a flow device, such that the flow device may be portable
from one environment to another.
[0022] As shown in Figure 4, the fluid sensor 20 may
be an optical scanning device. In some embodiments,
the fluid sensor 20 may be equipped with a beam gen-
erator, such as the illustrated illumination source 410 and
a pulse detector, such as the illustrated photodiode ele-
ment 405, each of which may be positioned within a de-
tection cavity of the fluid sensor 20 that is positioned with-
in the fluid flow path extending through the fluid sensor
20 (e.g., positioned within an air flow path of an air sen-
sor). Additionally, the fluid sensor 20 may be configured
with a photoelectric converter 415. In various embodi-
ments, the illumination source may be a laser, lamp, light-
emitting diode (LED), or the like, which may operate in
connection with one or more lenses collectively config-
ured to generate a light beam (e.g., ultraviolet, visible,
infrared, or multiple color light) directed across the fluid
flow path passing through the detection cavity of the sen-
sor. Specifically, the light beam may be detected across
the fluid flow path, from the illumination source 410 to a
light trap configured to absorb light to minimize the
amount of light reflected off of components of the fluid
sensor 20 and back toward the fluid flow path (which may
inaccurately duplicate some measurements of air char-
acteristics). For example, the fluid sensor 20 may be con-
figured to use laser-based light scattering particle sens-
ing for detecting particles within air.
[0023] In an example embodiment, the fluid sensor 20
may be configured with a fan 425 used to draw air into
the fluid sensor inlet 310 and through the fluid sensor. In

some embodiments, the fluid may flow through a detec-
tion cavity enclosing the illumination source 410 (e.g.,
laser, lamp, LED, or the like) such that particles or other
attributes of the fluid flow may reflect at least a portion
of the light generated by the illumination source 410,
thereby enabling the photodiode element 405 to capture
the pulses of light that are reflected off of the particles in
the fluid. In some embodiments, the photodiode element
405 may transmit information indicative of the light re-
flected off of the particles in the fluid to the photoelectric
converter 415. In some embodiments, the photoelectric
converter 415 is configured to generate a control signal
for an external device based at least in part on data re-
ceived from the photodiode element 405, for example,
when a particle criteria is satisfied.
[0024] In certain embodiments, a particle criteria may
be a minimum number of detected particles per volume
of fluid, a minimum number of particles detected during
a defined time period, a maximum number of particles
detected per volume of fluid, a maximum number of par-
ticles detected during a defined time period, a minimum
particle size, a minimum number of particles having a
minimum and/or maximum particle size, and/or the like.
In some embodiments, the particle criteria may be a
threshold number of signal pulses indicative of the pres-
ence of one or more particles received by the fluid sensor
20 (specifically, signal pulses generated at the photodi-
ode element). In some embodiments, the particle criteria
may be a threshold size of at least one signal pulse re-
ceived by the fluid sensor 20. In some embodiments, the
particle criteria may be either a threshold number of sig-
nal pulses indicative of the presence of one or more par-
ticles received by the fluid sensor or a threshold size of
at least one signal pulse received by the fluid sensor. In
some embodiments, the criteria may be a set number of
fluorescent particles and/or the ratio of fluorescent par-
ticles to non-fluorescent particles. In various embodi-
ments, the external device may be the fluid composition
sensor 22 or an associated processor 14. The fluid sen-
sor 20 may be configured to transmit the control signal
to the external device, such as through the connector
305.
[0025] The fluid composition sensor 22 may be config-
ured to capture data relating to the fluid particle compo-
sition, such that one or more particle profiles of at least
one component of the fluid may be generated based on
the data captured by the fluid composition sensor. In cer-
tain embodiments, the fluid composition sensor 22 may
have one or more illumination source, such as laser,
lamp, LED, and/or the like. In some embodiments, the
illumination source of the fluid composition sensor 22
may be larger than the illumination source of the fluid
sensor 20, such that the illumination source of the fluid
composition sensor 22 uses more electrical power than
the illumination source 410 of the fluid sensor 20. In some
embodiments, the fluid composition sensor 22 may be
configured to capture data relating to one or more parti-
cles in fluid. In some embodiments, the fluid composition
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sensor 22 may be configured to capture data relating to
a plurality of particles in the fluid simultaneously. For ex-
ample, the fluid composition sensor 22 may have a des-
ignated field of view for capturing, permanently and/or
temporarily, multiple particles simultaneously. In some
embodiments, the fluid composition sensor 22 may be
configured specifically for operation in detecting particu-
lar characteristics with a defined range of particles within
a field of view thereof, such that the system 10 may be
configured to generate the control signal when the
amount of particles is within a certain range appropriate
for the fluid composition sensor 22. In such an example,
the particle criteria may be based on the range of parti-
cles. For example, the amount of pulses and/or the in-
tensity of the pulses that meet the particle criteria may
be based on the desired particle amount for the fluid com-
position sensor 22.
[0026] It should be understood that the configuration
of the fluid composition sensor 22 is merely an example,
and various embodiments may incorporate fluid compo-
sition sensors having other configurations for detection
of characteristics of fluid via one or more mechanisms.
For example, a fluid composition sensor 22 may be con-
figured to generate particle profiles for a plurality of spe-
cific components. Alternatively, the fluid composition
sensor 22 may be configured to generate a particle profile
for a singular component of the fluid exclusively. For ex-
ample, the fluid composition sensor 22 may only gener-
ate the particle profile of pollen in the fluid when data is
captured. In some embodiments, the fluid composition
sensor 22 may be a lens free microscope device, such
as the one shown in Figure 5. For example, the fluid com-
position sensor 22 may include one or more illumination
sources 50 (e.g., laser, lamp, LED, and/or the like) and
an image sensor 54 configured near a transparent sub-
strate 56, such that the image sensor collects images of
the particles that are collected on the transparent sub-
strate. In some embodiments, the fluid composition sen-
sor 22 may include a fan or vacuum pump 52 configured
to pull the fluid into the fluid composition sensor through
the fluid composition sensor intake slots 510 and through
the fluid composition sensor 22. In some embodiments,
the fluid composition sensor 22 may be a lens free mi-
croscope, such as one described in WIPO Publication
Number 2018/165590, incorporated herein by reference.
In some embodiments, the fluid composition sensor 22
may be embodied as a UV fluorescence system, a tra-
ditional microscope, Burkard samplers and traps, Aller-
genco sampler and greased slide, and the like.
[0027] Referring now to Figure 2, a flowchart of the
method of controlling a flow device in accordance with
an example embodiment is provided. Various operations
discussed below may be carried out using various com-
ponents of the system. In some embodiments, the flow
device may include one or more processors 14 and a
fluid sensor 20. In some embodiments, the flow device
may be in communication with a fluid composition sensor
22. In some embodiments, the flow device may include

a fluid composition sensor 22. Various components ref-
erenced in relation to the flow device may be included
with or in communication with the flow device.
[0028] Referring to Block 200 of Figure 2, the flow de-
vice includes processor 14 for monitoring signal pulses
received by the fluid sensor 20 based upon the presence
of one or more particles carried by fluid flowing through
the fluid sensor. As discussed above, the fluid sensor 20
may be configured with an illumination source, such as
a laser, lamp, LED, or the like, and a photodiode element
configured to receive pulses of light from the illumination
source that has reflected off of the particles in the fluid
flowing through the fluid sensor 20 and onto a detection
surface of the photodiode element. In some embodi-
ments, the fluid sensor 20 may be configured to monitor
the fluid continuously. In some embodiments, the flow
device may be configured to generate an initial particle
profile for one or more components of the fluid based on
the monitoring of the fluid sensor 20. Additionally or al-
ternatively, the flow device may be configured to gener-
ate an initial particle profile for the fluid as a whole based
on the monitoring of the fluid sensor 20. For example,
the flow device may generate an initial particle density
of the fluid based on the monitoring of the fluid sensor
20. In some embodiments, the fluid sensor 20 may be
an optical scanner sensing device, such as shown in Fig-
ures 3A, 3B, and 4.
[0029] Referring now to Block 210 of Figure 2, the flow
device includes processor 14 for generating a control sig-
nal for an external device upon determining that the signal
pulses satisfy one or more particle criteria. In some em-
bodiments, the particle criteria may be a threshold
number of signal pulses indicative of the presence of one
or more particles received by the fluid sensor. As noted
herein, the particle criteria may be a threshold size of at
least one signal pulse received by the fluid sensor. In
some embodiments, the particle criteria may be either a
threshold number of signal pulses indicative of the pres-
ence of one or more particles received by the fluid sensor
or a threshold size of at least one signal pulse received
by the fluid sensor. In some embodiments, the fluid sen-
sor 20 may act as a power switch, such that no power at
all goes to the fluid composition sensor 22 until the par-
ticle criteria is met and the control signal is generated
(i.e., blocking all flow of power). In some embodiments,
the fluid sensor 20 may transmit the control signal to a
central processor, and then the central processor may
send a signal to the fluid composition sensor 22 to power-
up (i.e., fluid composition sensor 22 starts using available
power). In some embodiments, the fluid composition sen-
sor 22 may be continuously powered and a central proc-
essor 14 only saves generated data after the fluid sensor
20 detects the applicable particle criteria.
[0030] In some embodiments, the control signal may
comprise an electrical signal and/or a data signal. In
some embodiments, the control signal may be embodied
as an indication to an external device that the criteria has
been satisfied. In some embodiments, the control signal
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may provide an estimate of the particle count in the fluid
based on the monitoring of the fluid. For example, the
density of the particulate in the fluid sensor may be de-
termined and transmitted to the external device. In some
embodiments, the external device may be fluid compo-
sition sensor 22 and/or associated processor 14.
[0031] Referring now to Block 220 of Figure 2, the flow
device includes processor 14 which is configured for
causing a fluid composition sensor 22 to be powered
based on the control signal. In some embodiments, the
fluid composition sensor 22 may be configured to remain
unpowered until the control signal is generated the fluid
sensor. In some embodiments, the fluid composition sen-
sor 22 may be configured to operate in a low-power mode
until the control signal is generated based on the deter-
mination that the signal pulses satisfy one or more par-
ticle criteria. For example, the fluid composition sensor
22 may be powered and otherwise operational before a
control signal is generated except for the data capture
portion of the fluid composition sensor. The control signal
may be provided to a processor 14 connected to, or oth-
erwise in communication with, the fluid composition sen-
sor 22. In some embodiments, the processor in commu-
nication with the fluid composition sensor 22 may be dis-
tinct from the processor used by the fluid sensor 20 to
generate the control signal. For example, the fluid sensor
20 and the fluid composition sensor 22 may each have
a dedicated processor. In some embodiments, a proces-
sor 14 may be in communication with the fluid sensor 20
and the fluid composition sensor 22 and the control signal
may be an electrical signal providing power to the fluid
composition sensor.
[0032] Referring now to Block 230 of Figure 2, the flow
device includes fluid composition sensor 22 for capturing
data relating to the fluid particle composition. In some
embodiments, the fluid composition sensor 22 may be
positioned along the fluid flow path in such a way that at
least a portion of the fluid passes through the fluid sensor
20 before reaching the fluid composition sensor 22. As
discussed above in reference to the fluid composition
sensor 22 discussion relating to Figure 1, the fluid com-
position sensor 22 may include an illumination source,
such as a laser, lamp, LED, or the like. In some embod-
iments, the illumination source may be configured to al-
low the fluid composition sensor 22 to acquire data on
particles in the fluid as the particles pass through a des-
ignated field of view of the fluid composition sensor. The
data captured may include at least a partial image of one
or more particles in the fluid. In some embodiments, the
fluid composition sensor 22 may be a lens free micro-
scope. In various other embodiments, the fluid composi-
tion sensor 22 may be embodied as a UV fluorescence
system, a traditional microscope, Burkard samplers and
traps, Allergenco sampler and greased slide, and the like.
[0033] Referring now to Block 240 of Figure 2, the flow
device includes processor 14 for generating one or more
particle profiles of at least one component of the fluid
based on the data captured by the fluid composition sen-

sor 22. The at least one component of fluid may comprise
one or more of bacteria, viruses, pollen, spores, molds,
biological particles, soot, inorganic particles, and/or or-
ganic particles. In some embodiments, the flow device
may be configured to determine the particle profile of one
or more specific components of the fluid each time data
is captured. For example, the flow device may be con-
figured to create a particle profile of the pollen in the air.
Alternatively, the flow device may be configured to mon-
itor for a plurality of different components of the air. For
example, the flow device may be configured to monitor
for all of the components listed above and to generate a
particle profile for one or more components (e.g., individ-
ually) that may be present in the air.
[0034] Referring now to Figure 6, an example flow de-
vice with a fluid senor 20 and a fluid composition sensor
22 in the same housing in accordance with an example
embodiment of the present disclosure is schematically
illustrated. It should be understood that configurations,
including configurations of the fluid flow path, the overall
shape and/or size of the flow device, and/or the like may
vary in accordance with certain embodiments. As shown,
the flow device may define a flow path from an intake
end to an output end, such that at least a portion of the
air that reaches the fluid composition sensor 22 has
passed through the fluid sensor 20 first. In some embod-
iments, the fluid sensor 20 and the fluid sensor 22 may
share one or more common components. For example,
the same suction device (e.g., fan, vacuum pump, and/or
the like) may be used to direct the fluid flow in the flow
path instead of individual suction devices for each sen-
sor. Alternatively, the fluid sensor 20 and the fluid com-
position sensor 22 may each have individual compo-
nents, such as shown in Figures 4 and 5 displaying the
components of each individual component. Additionally,
as shown in Figure 6, each sensor may have a dedicated
processor (e.g., fluid sensor control electronics for the
fluid sensor 20 and fluid composition sensor control elec-
tronics for the fluid composition sensor 22). In some em-
bodiments, the flow device may have additional proces-
sors (e.g., data management electronics) configured to
carryout processes described herein.
[0035] In some embodiments, the one or more particle
profiles may include at least one of particle images, par-
ticle size data, or particle type data of the at least one
component of the fluid (e.g., at least one particle compo-
nent of air). In some embodiments, the one or more par-
ticle profiles may include at least one of a holographic
image reconstruction. In some embodiments, a particle
profile generated by the flow device may be based on a
comparison of one or more partial image frames with one
or more reference image frames of one or more potential
components of the fluid. In some embodiments, the ref-
erence image(s) may be received from the image data-
base 28. In some embodiments, the fluid composition
sensor 22 may be configured to return to the unpowered
state after one or more particle profiles have been gen-
erated. In such an embodiment, the fluid sensor 20 may
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continue to monitor the fluid even after the fluid compo-
sition sensor 22 returns to an unpowered state.
[0036] As described above, Figure 2 illustrates a flow-
chart of the operations of a flow device, method, and
system according to example embodiments of the inven-
tion. It will be understood that each block of the flowchart,
and combinations of blocks in the flowchart, may be im-
plemented by various means, such as hardware,
firmware, processor, circuitry, and/or other devices as-
sociated with execution of software including one or more
computer program instructions. For example, one or
more of the procedures described above may be embod-
ied by computer program instructions. In this regard, the
computer program instructions which embody the proce-
dures described above may be stored by the memory
device 16 of a software development test platform em-
ploying an embodiment of the present invention and ex-
ecuted by the processing circuitry 12, the processor 14
or the like of the software development test platform. As
will be appreciated, any such computer program instruc-
tions may be loaded onto a computer or other program-
mable flow device (e.g., hardware) to produce a machine,
such that the resulting computer or other programmable
flow device implements the functions specified in the
flowchart blocks. These computer program instructions
may also be stored in a computer-readable memory that
may direct a computer or other programmable flow de-
vice to function in a particular manner, such that the in-
structions stored in the computer-readable memory pro-
duce an article of manufacture the execution of which
implements the function specified in the flowchart blocks.
The computer program instructions may also be loaded
onto a computer or other programmable flow device to
cause a series of operations to be performed on the com-
puter or other programmable flow device to produce a
computer-implemented process such that the instruc-
tions which execute on the computer or other program-
mable flow device provide operations for implementing
the functions specified in the flowchart blocks.
[0037] Accordingly, blocks of the flowchart support
combinations of means for performing the specified func-
tions and combinations of operations for performing the
specified functions for performing the specified functions.
It will also be understood that one or more blocks of the
flowchart, and combinations of blocks in the flowchart,
can be implemented by special purpose hardware-based
computer systems which perform the specified functions,
or combinations of special purpose hardware and com-
puter instructions.
[0038] In some embodiments, certain ones of the op-
erations above may be modified or further amplified. Fur-
thermore, in some embodiments, additional optional op-
erations may be included. Modifications, additions, or
amplifications to the operations above may be performed
in any order and in any combination.
[0039] Many modifications and other embodiments of
the inventions set forth herein will come to mind to one
skilled in the art to which these inventions pertain having

the benefit of the teachings presented in the foregoing
descriptions and the associated drawings. Therefore, it
is to be understood that the inventions are not to be limited
to the specific embodiments disclosed and that modifi-
cations and other embodiments are intended to be in-
cluded within the scope of the appended claims. More-
over, although the foregoing descriptions and the asso-
ciated drawings describe example embodiments in the
context of certain example combinations of elements
and/or functions, it should be appreciated that different
combinations of elements and/or functions may be pro-
vided by alternative embodiments without departing from
the scope of the appended claims. In this regard, for ex-
ample, different combinations of elements and/or func-
tions than those explicitly described above are also con-
templated as may be set forth in some of the appended
claims. Although specific terms are employed herein,
they are used in a generic and descriptive sense only
and not for purposes of limitation.

Claims

1. A method for controlling a flow device, the method
comprising:

monitoring, via a fluid sensor, signal pulses re-
ceived by the fluid sensor based upon the pres-
ence of one or more particles carried by fluid
flowing through the fluid sensor; and
upon determining that the signal pulses satisfy
one or more particle criteria, generating a control
signal for an external device,
wherein the one or more particle criteria defines
at least one of: a threshold number of signal puls-
es indicative of the presence of one or more par-
ticles received by the fluid sensor or a threshold
size of at least one signal pulse received by the
fluid sensor.

2. The method of claim 1, wherein the monitoring of the
fluid sensor is continuous.

3. The method of any of claims 1 or 2 further compris-
ing:

based on the control signal, causing a fluid com-
position sensor to be powered;
capturing, via the fluid composition sensor, data
relating to the fluid particle composition; and
generating one or more particle profiles of at
least one component of the fluid based on the
data captured by the fluid composition sensor.

4. The method of any of claims 1-3, wherein the fluid
sensor is an optical scanner device.

5. The method of any of claims 3-4, wherein the fluid
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sensor is an optical scanner device and the fluid com-
position sensor is a lens free microscope device.

6. The method of any of claims 3-5, wherein the fluid
sensor defines at least a portion of a fluid flow path,
and wherein the fluid sensor and the fluid composi-
tion sensor are positioned along the fluid flow path
such that the fluid flows through the fluid sensor be-
fore reaching the fluid composition sensor.

7. The method of any of claims 3-6, further comprising
causing the fluid composition sensor to be powered
off after the one or more particle profiles have been
generated.

8. The method of any of claims 3-7, wherein the one or
more particle profiles comprises at least one of a
holographic image reconstruction or particle size da-
ta.

9. A flow device for detecting fluid particle composition
comprising:
a fluid sensor configured to:

monitor at least one particle characteristic of flu-
id flowing through the fluid sensor; and
a processor configured to, upon determining the
at least one particle characteristic satisfies a par-
ticle criteria, generate a control signal for an ex-
ternal device,
wherein the one or more particle criteria defines
at least one of: a threshold number of signal puls-
es indicative of the presence of one or more par-
ticles received by the fluid sensor or a threshold
size of at least one signal pulse received by the
fluid sensor.

10. The flow device of claim 9, wherein the monitoring
of the fluid sensor is continuous.

11. The flow device of any of claims 9 or 10 further com-
prising a fluid composition sensor, wherein the flow
device is further configured to:

based on the control signal, cause the fluid com-
position sensor to be powered;
capture, via the fluid composition sensor, data
relating to the fluid particle composition; and
generate one or more particle profiles of at least
one component of the fluid based on the data
captured by the fluid composition sensor.

12. The flow device of any of claims 9-11, wherein the
fluid sensor is an optical scanner device.

13. The flow device of claim 11, wherein the fluid sensor
is an optical scanner device and the fluid composition
sensor is a lens free microscope device.

14. The flow device of any of claims 11-13, wherein the
fluid is configured to flow along a fluid flow path, and
wherein the fluid sensor and the fluid composition
sensor are positioned along the fluid flow path such
that the fluid flows through the fluid sensor before
reaching the fluid composition sensor.

15. A system for determining the fluid particle composi-
tion flowing through a path comprising:

a fluid sensor configured to monitor at least one
particle characteristic of a fluid flowing through
the fluid sensor and along the path;
a fluid composition sensor configured to capture
data relating to at least one particle character-
istic of the fluid flowing along the path, wherein
the fluid composition sensor is located down-
stream of the fluid sensor along the path,
wherein the fluid composition sensor remains
unpowered until a particle criteria is satisfied by
the fluid flowing through the fluid sensor, and
at least one processor configured to generate
one or more particle profiles of at least one com-
ponent of the fluid based on the data captured
by the fluid composition sensor.
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